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Abstract  - Chemical ingredients in rosella petals are very beneficial for health. Rosella petals needed to be drained for storage and 
packing purpose. The traditional drying takes 5 days and less healthy. Solar dryer technology can speed up the drying process and 
protect materials from dust contamination. Solar dryer with double glass covered collector has been designed and made for drying of 
agricultural products such as rosella flowers. Rosella petals as much as 2300 grams with initial moisture content of 90.84 % be dried 
with this dryer until the moisture content of 7.67 % takes only 2 days, although the weather was less sunny. The temperature in the 
drying chamber was not more than 50° C, so it was good for drying groceries, not damaging chemical ingredients. The relative 
humidity in the space dryeris was about 40 % and it was still relative low. Drying rate and drying performance was expressed by the 
efficiency and Specific Moisture Evaporation Rate ( SMER ) were influenced by water content of the dried material and weather. Daily 
efficiency at the first and the second day: 14.931 % and 5.78%, while the daily SMER on the first and the second day: 0.222 and 
0.0256 ( kg / kWh ).. 
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I. INTRODUCTION 
Red rosella ( Hibiscussabdariffa ) is a plant of the tropics 
and subtropics bleak regions of India to Malaysia and 
Indonesia. Rosella petals dark red are thick and juicy, they are 
part of a plant that can be processed into food products. 
Rosella flower petals contains of gossypetin, anthocyanin, and 
glucidehibiscin, which are useful as an antioxidant (especially 
anthocyanins), prevent cancer, control blood pressure, wage 
the blood circulation, prevent atherosclerosis and 
anticarcinogenic (Arroyo et al, 2011). According 
Sudarmayanti  and  Yunus, (2011), every 100 g of rosella 
petals contains 44 calories, 86.2 % H2O, 1.6 g protein, 0.1 g 
fat, 11.1 g carbohydrates, 2.5 g fiber, 1.0 g ash, 160 mg Ca, 
60 mg P, 3.8 mg Fe, 285 mg of beta carotene equivalent, 0.04 
mg thiamine, 0.6 mg riboflavin, 0.5 mg niacin, and 14 mg 
ascorbic acid, 7.6 % moisture, 24.0 % protein, 22.3 % fat, 
15.3 % fiber, 23.8 % N - free extract, 7.0 % ash, 0.3 % Ca, 
0.6 % P, and 0.4 % S. Because the rosella petals are juicy and 
hygroscopic, then for the purposes of processing and storage 
they should be drained.  
Traditional drying with exposure to direct sunlight, can 
cause loosing/reducing antioxidant capacity, and it is also 
relatively take long time (Daniel, et al., 2012). Based on 
information one of the manufacturer the Rosella petals are in 
Prambanan Yogyakarta, to get dried Rosella petals with 
traditional drying takes 5 days. The drying process under the 
sun is also not hygienic because it is placed in the open place 
which causes cosmic dust contaminated the petals, which may 
contains viruses or bacteria. Beside of those, they must be 
taken and stored as soon as the weather change, it causes the 
drying takes very slowly. If the drying not perfect, it can lead 
to mushrooming product then rot. Daniel  et al., (2012 ) 
investigated the drying of rosella flower petals with hot air 
flowing was about 40°C - 80°C, the air velocity from 0.75 to 
2.25 m/s. Required a heater and air booster, so it needed cost 
for electrical energy. 
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The drying process of a material is a dehydration process of 
any material that occurs because the complex process of heat 
and mass transfer. This process depends on external 
parameters such as temperature, humidity and air flow as well 
as the material properties of the dried material such as surface 
characteristics, chemical composition, physical structure, size 
and shape of the product. The principle of solar dryer 
technology is to use sunlight to heat the material and also heat 
the air as a medium dryer. The solar dryer if designed 
properly will have some advantages that provide a faster 
drying rate, reduce drying area needed, protected materials 
from dust, insects, birds and animals.  
Classification of solar dryers can be divided by the solar ray 
contact materials dried and also based media flow dryers. 
(Sharma, etal., 2009; Jairaj, et al., 2009; Lalit M, et al., 2011). 
The type solar dryer by sunlight exposure to the product is 
dried, there are three types: 
a) Direct Type is: the dried product is directly exposed to 
sunlight, so that the product is as absorbing heat from 
direct sunlight. Hair type straight there are some 
disadvantages such as slow drying due to sunlight is 
converted to heat by a waterwheel dried products, some 
product changes color or taste for products in direct 
contact with the sun. 
b) Indirect Type is: Dried product is not exposed to direct 
sunlight where the product is exposed to warm air that has 
been heated by using a collector of solar rays, or heat 
exchanger. This existing type of the dryer, generally have 
use separate collector, thus requiring large area and 
usually used force convection with the help of a blower or 
fan.  
c) Joint Type : Hair merge two principles mentioned above, 
where the product is exposed to direct sunlight and the 
media fed simultaneously heated air dryer on the collector 
simultaneously. 
 
Type Solar Dryer by media flow dryer (air) hits dried product 
stream there are two groups: 
1. Natural circulation is air flow naturally based on 
temperature differences and the differences in moisture 
content in the air conditioning. This dryer low operating 
costs, because it does not require the help of a blower or 
fan that driven by electrical energy. This dryer is more 
attractive for use in the developing areas that are no 
electricity network. 
2.  Forced circulation is an airflow hits the dried product with 
the help of resources like push blower or fan is installed to 
force dryer air flow. 
 
Collector solar dryer with doubles glass lid, including indirect 
type solar dryer. Collector converts solar energy into heat 
energy. The heat is used to heat the drying air. With natural 
air circulation inside the drying chamber, it does not require 
electrical energy for air flow as well as for heating. Drying of 
rosella flower petals using a solar dryer with double glass 
covered collector will improve the quality of dry petals and 
accelerates drying time. In the evening, when the dryer is not 
sun-drenched anymore and the rosella petals are rudimentary 
drying, they are left in the drying chamber to dry again on the 
next day, until they are perfect dry. 
 
 
II. MATERIAL AND METHOD 
1).Materials  
Rosella flower were obtained from  farmers in Prambanan 
village. Rosella flowers were wash with water and dried. The 
flower petals were cleaned, then they were weighed to get the 
total weight of rosella petals and some of them were placed 
separately. After that, both of them were placed in the drying 
chamber. Beta carotene, anthocyanins, and carbohydrates 
proximat in rosella petals were analyzed.  
2). Instrument  
Solar dryer with double glass covered collector has been 
designed and fabricated with dimensions: length 120 cm, 
width 80 cm, height 75 cm rear, front height 65 cm, where the 
rack from the bottom 20 cm. Rear door 25 cm wide by 15 cm 
distance from the bottom . The dryer consists of 1). Collector 
solar rays, which consist of black corrugated plate (black 
body) to convert light into heat solar energy. In order to heat 
insulation is given the transparent double cover (glass). 2) 
drying chamber, 3) dryer rack, 4) rear door 5) air vents. The 
dryer was classified as indirect type and natural circulation, 
with a shape like a dryer cabinet 
 
Figure 1 : Sketch of Solar dryer with double glass cover 
collector 
 
Data collection was carried out with the equipment: 
Pyranometer to measure the intensity of solar radiation, 
thermometer, hygrometer, digital scales and interfaces as well 
as data to the data longer acquisition. The data is taken from 
sunlight intensity or solar radiation (G, W/m2), weight of the 
sample at any time (Wt), top cover temperature (Tp), the 
black body temperature (TBB), the temperature of the drying 
chamber (Tr), relative humidity (RH), the data was taken 
every 5 minute intervals during the drying process. After the 
drying process is completed/terminated then the dry weight of 
the sample in the analysis of the sample, using the oven at a 
temperature of 80° C, to obtain a constant weight (Wk). 
The moisture content at any time during the drying process 
(Mt) can be calculated on the wet basis  or dry basis. The 
moisture content on wet basis by comparing the weight of the 
water with a wet weight. 
 
 =                                                (1) 
1) 
2) 
3) 
4) 
5) 
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The moisture ontent on  dry basis compared with the dry 
weight 
 
 =                                                (2) 
Assuming that the moisture content in the drying rack rosella 
was uniform at all times, it can be calculated by weight of any 
time (Wt) during drying, by multiplying the ratio by weight of   
(Wb) and heavy samples (Ws0) initially, and sample weight 
at anytime (Wst). 
 
	 = 	
	 . 	                                          (3) 
 
According to Singh  and Kumar (2012), dryer performance 
can be demonstrated by the efficiency of solar dryers are 
expressed as the ratio of the amount of moisture that 
evaporates and intensity of solar radiation on the collector at 
any given time. 
  
Ƞ = (		). .
                                          (4) 
 
Performance of solar dryer can also be experessed by Specific 
Moisture Evaporation Rate (SMER) (Chua, Chou, Ho, & 
Hawlader, 2002). This is defined as the ratio of amount of 
water that evaporates and energy for drying 
 
 =    !" #  !$ %" !!"&' " "'(& )
&
	#*  
 
  = (		)
. .
) &	#*                           (5) 
III. RESULT AND DISCUSSION  
Drying process of rosella flower petals monitored by 
weighing the sample in the drying chamber, measuring the 
intensity of the solar rays (G), black plate temperature, 
ambient temperature and relative humidity dryer, every 5 
minutes. The weather when drying process was not bright, 
which shown intensity of the solar rays were always changing 
uncertain, so for clarify the data has integrated in to time 
every 30 minutes, as shown in Figure 2. Which shows the 
intensity of the solar rays every 5 minute and the results of the 
integration of 30 minutes. 
 
 
Figure 2: The intensity of solar radiation on 09/27/2013 
 
To achieve the moisture content below 10 % in the rosella 
flower petals which were dried by using solar dryer,took 2 
days. Solar radiation data (G), Relative Humidity inside the 
drying chamber (RH), temperature drying room (TR) and 
weight of materials at any time during the drying process is 
presented in Figure 3 and Figure 4.  
 
Figure 3: The intensity of the solar radiation, materials 
Weight, Temperature and Relative Humidity drying chamber, 
at any drying time. 
 
 
Figure 4: The intensity of the solar radiation, materials 
Weight, Temperature and Relative Humidity drying chamber, 
at any drying time. 
 
The weather on Friday and Saturday 27 – 28 September 2013 
were not bright shown in Figure 3 and 4. The solar radiation 
was not constant during the drying process. On Friday 27 
September 2013, the collector  plate temperature reaches 
101ºC at 11:32 a.m. and the highest temperature of drying 
chamber was 48.1°C at 11:42 a.m., while the Relative 
humidity reaches below 60 % at 07:52 am and it continued 
decrease adn it was constant betwen 30-40 %. Showed a low 
relative humidity drying process goes relatively quickly after 
around 08.00 a.m. In the afternoon, drying process is still 
going on that shown with the weight loss of rosella flower 
petals, because the relative humidity in the drying chamber 
was below 50% although the drying chamber temperature 
approaching the ambient temperature that is 32oC. On 
Saturday 28 September 2013, the collector plate temperature 
up to 97oC at 12:10pm. and the highest temperature of the 
drying chamber is reached 49.9oC at 12:05pm. With the 
temperature around 50oC, drying process is very good for 
agriculture product because the chemicals materials contained 
such as vitamins and anthocyanins will not damage. Relative 
humidity reached below 60 % at 7:25 pm and at midday 
decreased to 20 %, this is because the material is dried 
enough, that water entrained dry slightly, so the water 
evaporation rate is slow but quickly drop in relative humidity 
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and the afternoon at around 4:00 pm humidity is below 10 %. 
Relative humidity within the drying chamber was low, it was 
possible that additional capacity dried material in the drying 
chamber, because the diffusivity of water in certain materials. 
 
 
Figure 5: Decrease the humidity of materials and removal of 
water from the material, during the drying process. 
 
Figure 5 shows that the moisture content of the dried material 
is initially wet basis and 90.84 % on the first day of drying the 
moisture content reached 76.67 %, while on the second day 
reached 7.63 %. In the evening the moisture content was 
decrease to 70.42 % or moisture evaporation as much as 
190.85 grams. That happened because the relative humidity 
still low in the afternoon and there was still some heat in the 
drying chamber (the heat storage in the drying chamber 
board ), so that the release of moisture run until the relative 
humidity 80 % was almost the same as the surrounding air. 
The release of moisture from the material on the first day up 
dried to 1397.365 grams and on the second day of 482.068 
grams, while in the night it was 190.85 grams. The rate of 
moisture decreased was inversely proportional to the rate of 
moisture release from the material, from the comparison of 
the data with the first to two day shows that the release of 
moisture was also influenced by the moisture content of the 
material. On the second day after the moisture content below 
14% relative humidity conditions and the material 
temperature also the moisture content increased slightly, it 
was because the material at high humidity was suspectible to 
re-absorption of moisture. 
 
 
Figure 6: Efficiency and SMER hourly. 
 
 
Performance of dryer can be detected with thermal efficiency 
and Specific Moisture Evaporation Rate (SMER) . Efficiency 
and SMER every hour during the drying process can be seen 
in Figure 6, the performance of the dryer on the second day is 
much lower than the first day, although the solar collector was 
not much different override is 21.12 kJ on the first day and 
18.80 kJ at the second day, it was because the water content 
of the material as much on the first day, it can be said that the 
dryer performance was affected by the moisture content of the 
dried material or influenced by the amount of water that can 
be evaporated. Referring efficiency or SMER was still low 
and the effect of the amount of water to be evaporated on the 
performance of the dryer, it was still possible  increased, or  
need to vary the amount of load dryers. Daily efficiency on 
the first day and the second is 14.931 % and 5.78%, while 
daily SMER on the first day and the second were 0.222 and 
0.0256 ( kg / kWh ) 
 
IV. CONLUSIONS 
 
The weather on Friday and Saturday (27-28 September 
2013) was cloudy. The time needed for drying Rosella petals 
until 7,63% water content was 2 days, it was much faster than 
using open drying system. Drying rate became faster after 
08.00 A.M with relative humidity under 60%. And on the 
night the water release process still on going until air 
humidity was about 80%. On September 27th where water 
degree inside the material was above 76,67% with highest 
drying chamber temperature 48,1oC on 11.42 am, and on 
September 28th, material’s water degree has lowered with 
highest drying chamber temperature was 49.9oC on 12.05 am. 
That temperature range was good for agricultural product and 
it was not damaged chemical substance on the product. 
Drying performance was affected by moisture amount of 
dried material or by moisture amount that can be hydrated and 
external factor such as weather. On this research, efficiency 
on first and second day were 14,391% and 5,78% while daily 
SMER on the first and second day were 0,222 and 0,0256 
(kg/kWh). Drying capacity was still possible to improve or in 
the next research capacity of the dryer can became variable. 
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